Summary. Due to recent political developments, smallpox has re-emerged as a serious threat. We recovered and characterized an old batch of smallpox vaccine, Malbrán strain, produced between 1945 and 1949. The virus was re-isolated and characterized by sequence analysis and biological activity in animals. Phylogenetic analysis using the hemagglutinin and A45R genes showed that the Malbrán strain was closely related to the Lister strain of vaccinia virus. In animals, the Malbrán strain exhibited low pathogenicity, confirming historical records. Mice immunized with the Malbrán strain survived a lethal challenge with cowpox virus. Thus, this strain of vaccinia virus remains a viable candidate as a smallpox vaccine.
Recent worldwide political developments and reports on potential bioterrorist attacks [8, 13] suddenly have made smallpox a serious re-emerging disease threat against which vaccines are needed. Historical records indicate that the Malbrán strain had an excellent record of efficacy with a low incidence of adverse effects in humans [3, 14] . We therefore resurrected virus from an old batch of glycerinated Malbrán smallpox vaccine, produced between 1945 and 1949 and stored in a −20 • C freezer, for characterization.
Ten percent dilutions of the glycerinated vaccine in Eagle´s Minimum Essential Medium supplemented with 2% fetal bovine serum were adsorbed on RK-13 and PTP (human foreskin fibroblasts) cells. When the extent of cytopathic effect was greater than 90%, the infected cells were frozen and thawed twice to produce viral stocks which were aliquoted and stored at −80 • C. The vaccine titer was determined by seeding ten-fold dilutions of vaccine on chorioallantoic membranes (CAMs) of 11-day-old embryonated eggs as previously described [7] . Titers produced in RK-13 and PTP cells ranged from 10 7 to 10 8 PFU/ml. Inoculated CAMs incubated 3 days at 36 • C showed 4-6 mm white pocks, a few of which were slightly hemorrhagic. The titer obtained in CAM's was 1×10 3 PFU/ml. The ceiling temperature, defined as the maximum temperature at which formation of pocks occurred following inoculation of CAM's with 10 2 PFU of virus and three days incubation [5, 6] , was found to be 41 • C. Transmission electron microscopy of infected PTP cells [MOI = 1 PFU/cell, fixed at 40 hours post infection at 37 • C as described previously [11] revealed that of 2176 virions counted in twenty randomly selected thin sections [1, 9, 12] , 1672 (77%) were intracellular mature virions (IMV's), 124 (6%) were intracellular enveloped virions (IEV's), and 349 (16%) were cell-associated enveloped virions (CEV's); 31 (1%) budding IMV were also counted.
The hemagglutinin (HA) coding gene of the Malbrán strain was amplified by PCR using primers for the Eurasiatic-African group of Orthopoxvirus, EACP 1 and EACP 2 and with G-VRB and G-EMVRB as previously described [15, 18] . Digestion of the 950 bp amplified fragment with TaqI produced four bands of sizes expected from similar analysis of other vaccinia virus strains (451, 295, 105 and 97 bp; the HA of the MVA strain, included as a control, yielded the same bands). The HA fragment was purified (Wizard PCR Preps, Promega, Madison, WI) and sequenced (ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit, Perkin Elmer, Applied Biosystems, Foster City, CA) and part of the sequence, along with those of other strains, are shown in Fig. 1 . For the Malbrán strain, the lowest nucleotide distance value and the maximum identity of the deduced amino-acid sequence was with the Lister strain (0.32% and 98.1% respectively). The Malbrán strain shares a 15 nt deletion with the Lister and Lenny strains, but has a three nt deletion not found in the Lister strain. Phylogenetic analysis of the HA genes of several vaccinia virus strains and other Orthopoxviruses ( Fig. 2A) showed that the Malbrán strain clustered with Lister, IOC, Lenny and Ankara strains, most of which derived from strains used for vaccine production in Europe [5, 17, 18] . The copper-zinc superoxide dismutase-like protein coding gene (A45R) was also amplified by PCR using primers 5 CCACCAGTAACCGCGTAC . This gene showed 100% homology between the Malbrán, Lister and USSR strains (Fig. 2B) . Overall, these results indicate that the Malbrán strain was derived from Lister or a Lister-related strain. The pathogenicity of the Malbrán strain was assessed in rabbit [5, 6] and mouse models [10, 19, 20] ; the results are summarized in Table 1 . Rabbits were inoculated intradermal and mice were inoculated intracerebrally (IC), intranasally (IN), and intradermally (ID), all with 1×10 6 PFU of Malbrán strain or the Brighton Red strain of cowpox virus (CPXV-BR) and then observed through 21 days for deaths and lesion size [19, 20] . While none of the inoculated rabbits died, the Malbrán strain produced smaller lesions than did CPXV-BR). None of the mice inoculated IN or ID and only 1/10 of the mice inoculated IC with the Malbrán strain died; in comparison, all of the mice inoculated IN and IC and 2/4 of the mice inoculated ID . DNA sequences were aligned using Clustal X program. HA. Phylogenetic analysis was performed with Puzzle 4.02 program. Hasegawa distance model, neighbor joining input tree, 50,000 puzzling steps and uniform rate heterogeneity model were the parameters selected to obtain the maximum likelihood tree with CPXV-BR succumbed. Lesions in the ear pinnae were also tenfold smaller following ID inoculation with Malbrán vaccinia virus vs CPXV-BR. These results attest to the low pathogenicity of the Malbrán strain. Finally, the ability Three rabbits were shaved and inoculated intradermically with 1×10 6 PFU of Malbrán strain and examined daily for the appearance of lesions. Two rabbits were inoculated with similar titers of cowpox virus (Brighton Red strain) as a virulent control. Ten 18-21 g NIH mice were inoculated intracerebrally and fifteen 4-week-old BALB/c mice were inoculated intranasally with 1×10 6 PFU of Malbrán strain, respectively. Deaths were recorded during 21 days. The intradermal model was also used by inoculating four BALB/c mice in the ear pinnae with 1×10 6 PFU of Malbrán strain. Lesion diameter was measured daily for 21 days ID: Intra-dermic; IC: Intra-cerebral; IN: Intra-nasal. Average lesion diameter showed in brackets of the Malbrán strain to protect BALB/c mice against cowpox respiratory lethal infection was assessed. Two groups of ten 21-day old BALB/c mice were vaccinated by tail scarification with 1×10 6 PFU of Malbrán strain or with a placebo. Eight days after vaccination, the mice were challenged intranasally with a lethal doses (2×10 6 PFU) of CPXV-BR. All of the mice vaccinated with the Malbrán strain survived more than 21 days after the intranasal challenge with CPXV-BR and showed no signs of illness or weight loss. All mice vaccinated with the placebo became seriously ill and died between 6 and 9 days after the challenge with CPXV-BR.
In summary, characterization of the Malbrán strain of vaccinia virus indicate that it was originally derived from the Lister strain or a closely associated strain. Animal tests confirm the historical records of the moderated pathogenicity of the Malbrán strain [3, 14] , who was able to protect mice against a lethal challenge with virulent cowpox virus. The Malbrán strain was used effectively in Argentina and other countries and its recovery after more than forty years may provide a useful tool against the emergence or reemergence of diseases produced by Orthopoxviruses.
